Abstract: Simulation offers the most efficient adjunct in education and 'refresher' training of medical personnel. However, simulation devices and facilities are expensive and the combination of cost, distance from the training centres, and professional constraints prevent medical personnel in rural and remote regions from simulation-based training. We have demonstrated that these barriers can be overcome by the already developed distance simulation methods. However, whenever High Fidelity Patient Simulators are used in a multi-unit training environment (e.g., mass casualties) the problems of simulator incompatibility may introduce major problems in the orchestration and control of the simulated events. The paper discusses problems of international large scale 'just-in-time' training, and the initial solutions to simulation-based preparation of medical personnel using multiple simulators simulator sites separated by ultra-long distances.
Education and training in medicine -the never ending need
The past 50 years witnessed probably the most explosive growth of medical knowledge in the history of medicine (Kegley, 2002; Porter, 1997) . New discoveries in pharmacology, molecular biology, neuroscience or reproductive biology, to mention just a few disciplines, were accompanied by similarly dynamic developments in medical practice -new diagnostic instrumentation, new surgical techniques and treatment modalities. Improved understanding of the process of disease combined with a revitalised interest in preventive medicine resulted in new, often international, treatment guidelines while the emergence of new threats imposed further changes in the practice of healthcare. Unsurprisingly, the issue of lifelong medical learning rose to unprecedented prominence and intensifying exploration of the means to improve the efficiency of medical education and postgraduate training (Billingham et al., 2002; Colliver, 2002; Hans, 2002) . According to the EntrezPubMed literature database, nearly 3000 papers on medical education were published in 2002 alone. Many of these papers describe highly innovative methods that frequently involve utilisation of very sophisticated technologies. Predictably, most advanced training techniques are employed at the major medical training centres (Harter et al., 2002; Leitch et al., 2002; Letterie, 2002) . On the other hand, access to the continuous medical education (CME) remains to be problematic for practitioners in rural and remote regions of the globe (Booth and Lawrance, 2001; Delaney et al., 2002; Hoyal, 1999) . Isolation, inconsistent quality of training programmes and variation in the allocation of training resources are among the principal issues that need to be addressed to produce measurable changes (Rourke and Rourke, 1995) .
The emergence of new medical threats such as bioterrorism (Darling et al., 2002) poses an additional challenge in educating large numbers of pre-hospital and emergency room personnel necessary to ensure maximum level of readiness (Brocato and Miller, 2002; Cunha, 2002; Darling et al., 2002; Willaims, 2001) . The fact that medical professionals who typically do not participate in EMS operations may have an active role in interventions associated or following an act of bioterrorism (Fahlgren and Drenkard, 2002 ) is a clear indicator that the required training must account for the existing differences in baseline knowledge. Furthermore, despite a potentially very large number of recipients and their nationwide or even global distribution, the required training programmes must be 111 2 3 4 5 6 7 8  9  1011  1  2  3  4  5  6  7  8  9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 Distributed, multiplatform high fidelity human patient simulationbased on standardised curricula and be conducted at a consistently high quality level to fulfil their mission of developing and sustaining adequate preparedness against emerging threats of bioterorism or mass casualty events (Baker, 1999; George et al., 2002; Guay, 2002; Peleg et al., 2002; Rubinstein et al., 2002) . In summary, even a perfunctory review of the existing literature will clearly indicate the persistent need for continuous education and training of both pre-hospital and hospital personnel (Cowley et al., 1984; Doyle, 1990; Watterson and Thomas, 1992) and the significant role of federal, state, local and non-governmental agencies in developing robust tools and systems that will be sufficient to provide both continuous and 'just-in-time' medical training (Koplan, 2001; Lalich, 2002; Levi et al., 2002) .
The prehospital training challenge
Rapid growth of medical knowledge and its almost immediate translation into changes in practice combined with increasing specialisation (Donini-Lenhoff and Hedrick, 2000; Guleson, 2001; Schroeder, 2002) and a multidisciplinary approach to the treatment of disease (Buckingham and Adams, 2000; Connor et al., 2002; Hazard, 1994; Scheen et al., 2001; Schriefer et al., 2000) , requires a very wide range of specialised postgraduate education at all levels of medical competence. Problems ranging from communication and definition of professional identities and roles within the medical management team (Burd et al., 2002; Cooper et al., 2002; Lingard et al., 2002; Sherwood et al., 2002) , through procedure difficulties (Bair et al., 2002; Lefrancois and Dufour, 2002; Ruppert et al., 1999) , missed or wrong diagnoses (De Lorenzo, 1993; Herlitz et al., 2002; Linn et al., 1997; Trzeciak et al., 2002) , to errors in medical command of EMS (Emergency Medical Services) operations or inadequacy of pre-hospital provider training (Chiara et al., 2002; Cupera et al., 2002; Holliman et al., 1992) have been described. The majority of adverse incidents appear to be related to inadequate knowledge and/or insufficient training seen as much at the pre-hospital as at the in-hospital environments (Bair et al., 2002; Cone and Murray, 2002; Hodgetts et al., 2002; Trzeciak et al., 2002) . One of the predominating issues that await rapid solutions is that of inadequate training of non-specialist healthcare workers, particularly in the rural areas, in adult and pediatric emergency and trauma medicine (Cone and Murray, 2002; Dick et al., 2002a,b; Hodgetts et al., 2002; Johnston et al., 2001; Luiz et al., 1997; Simon and Sullivan, 1996; Simon et al., 1994; Somers et al., 1999; Tollhurst et al., 1999; Tye et al., 1978) and in surgery (Girgis et al., 2001; Kelly, 1998; Mil'kov et al., 1988; Reid et al., 1999; Sohier et al., 1999) .
Clinical and procedural errors resulting from training deficiencies at the first responder/paramedic level are common (Cayten et al., 1978; Linder et al., 2001) . The adverse effects of less than optimal teamwork caused by poor team training (Williams et al., 1999) , substandard mastery of essential (even basic) resuscitation diagnostic skills and procedures (Bradley et al., 1998; Coontz and Gratton, 2002; Eberle et al., 1996; Hubble et al., 2000; Liberman et al., 1999) , and unreliability in the delivery of such common services as advanced cardiac life support (Peacock et al., 1985) have been well documented. Even more problematic are the substantial inadequacies in pediatric resuscitation skills resulting from inadequate training and infrequent exposure to pediatric emergencies (Seidel, 1986; Seidel et al., 1991; Su et al., 2000; West, 2000) . The intense need for continuous training is emphasised by the recently reported lack of reliability in performance rating during EMT (Emergency medical Technician) licensing examinations (Snyder and Smit, 1998 ) -a failure that allows operational entry of personnel with less-than-optimal knowledge and skills. Inadequate entry-level preparation combined with the demonstrated skills decay (Su et al., 2000; West, 2000; Zautcke et al., 1987) provide a further argument for the vigorous maintenance of clinical competence through the process of lifelong learning among all healthcare professionals (Elkin and Gorman, 2002; El-Tabgy and Rupp, 2002; Farti et al., 1996; Graber et al., 2002; Hall and Nowels, 2000; Kanz et al., 2002; Orient et al., 1982; Sultz et al., 1984; Taylor and Kiser, 1998; Wise et al., 1994) .
Trivial in comparison to often life/death repercussions of medical errors, the costs that accompany each incident of faulty patient management constitute another significant motive to provide adequate training. It is estimated that the average price of a resuscitation attempt at a British hospital reaches approximately £1000-2000 (Gage et al., 2002) . In the USA, the expenditure for the resuscitation following out-of-hospital cardiopulmonary arrest may reach $6000-10,000 (Ronco et al., 1995; Rosemurgy et al., 1993) . Clearly, any error that results in serious aggravation of the presenting complaint will automatically increase the final cost of care by making it more complex and more resource-demanding (Zack et al., 2002) . Thus, while the argument of 'I am certified' may still be heard, the wealth of existing data on errors committed by 'certified' personnel indicate that the presence of certification may offer false security in one's own medical prowess. The real cost of such (possibly unwarranted) certitude may, indeed, be quite extreme both in terms of the outcome and in the related expenditure.
The existing training methods
Presently, healthcare education is conducted in a manner that, despite a host of advances in didactic technology, has not changed significantly during the recorded history of medicine (Porter, 1997) . In the broadest terms, training of healthcare professionals is conducted either as a totally passive assimilation of the existing body of knowledge such as books (Fritsche et al., 2002; Lancaster et al., 2002) or lectures (Murphy et al., 1995; Rowke, 1994) , or through an active hands-on approach. The latter may involve either the combination of passive and active methods or the hands-on methods alone (Loutfi et al., 1995; Moseley et al., 2002; Sanson-Fisher et al., 2002) . Significantly, while it is often claimed that electronic dissemination of medical knowledge provides 'interactivity', many existing platforms represent nothing but technologically advanced forms of traditional, essentially passive, training based on old didactic principles [e.g. (De Leo et al., 2002; Dornan et al., 2002; Gold et al., 2002) ]. The advantage of the effective use of information technology in the didactic e-training packages rests with the ease of access to the appropriate sources of information, rapid cross-referencing of information and the supporting data, and the ability to organise information derived from various resources into easily catalogued logical units that assist in the subsequent assimilation and solidification/retention of the acquired knowledge.
Rapid growth of internet connectivity in the technologically advanced countries is associated with the most important attribute of electronic healthcare knowledge dissemination -rapid erosion of distance as the main obstacle in accessing postgraduate professional education among healthcare personnel in rural and remote regions of the world . The existing internet/web-based medical training and/or consultation programmes cover a wide range of topics (Casebeer et al., 2002; Fieschi et al., 2002; Greengold, 2002; Mann and Colven, 2002; Poyner et al., 2002; Tichon, 2002) , satisfy almost every need for specialised knowledge, and, with the increasing sophistication of the existing models, may involve a large variety of approaches spanning from e-mail exchange (Deodhar, 2002; Pastuszak and Rodowicz, 2002) to videoconferencing and multimedia offerings (Allen et al., 2002a,b; Davis and McCroaen, 2002; Haythornthwhite, 2002; Pastuszak and Rodowicz, 2002) . The main disadvantage of didactic distance learning is its essentially static nature that may not reflect the dynamism of medicine, particularly in the context of specialties like emergency/trauma and military medicine, or surgery (Von Lubitz et al., 2000a) . The existence of inaccurate, obsolete, or incomplete content of many medical information sites provides another major problem that continues to affect the overall quality of Internet-based learning resources (Lamminen et al., 2002; van Lubitz et al., 2002) .
Hands-on training based on the trainee-patient contact, while highly effective in the development of the necessary clinical skills (Fay et al., 2001; Hicks, 2001) , is also associated with a number of challenges (Girdler, 2001; Gonzalez and Mohl, 2002; Haponik et al., 2000; Mandavia et al., 2000; Robinson, 2002) and risks (Friedrich, 2002) . In the past 80 years , 1 the aviation community, where both training and operations are associated with many characteristics similar to the high-paced tempo of medical specialties such as emergency medicine, trauma medicine, or perioperative care, used simulators both to increase the efficiency of training and to minimise the dangers associated with it (Brannick et al., 1995; Knowles, 1967; Krebs et al., 1999; Ricard, 1995) . Although the history of simulation in medicine is significantly shorter, its importance in education and training, and the level of sophistication increase very rapidly (Bond and Spillane, 2002; Greenberg et al., 2002; Nagoshi, 2001; Shapiro and Morchi, 2002; Vardi et al., 2002) . Presently, High Fidelity Patient Simulators (HFPS, previously known as Human Patient Simulators) serve as highly complex 'medical flight simulators' in a wide variety of training tasks. The use of HFPS units in hands-on training eliminates the risk factors associated with training on live patients, permits improvement of diagnostic skills by allowing practical understanding of the involved steps, hones medical team training (Kanter et al., 1990; Small et al., 1999; Weller et al., 2003) , and helps in punishment-free learning from errors (Garden et al., 2002; Jeanguiot, 2000; Mackenzie et al., 1996; . Virtual reality simulation Graschew et al., 2002; Patterson, 2002; Seymour et al., 2002; represents technologically the most advanced level of medical simulation that is particularly suitable for training in surgical techniques (Seymour et al., 2002) .
A rapidly increasing number of publications describe preeminent applicability of medical simulation in training of healthcare personnel (Byrne and Jones, 1997; Cosman et al., 2002; DeAnda and Gaba, 1990; Devitt et al., 2001; Fletcher, 1995; Gaba and DeAnda, 1988; Hotchkiss and Mendoza, 2001; Issenberg et al., 1999; Schwid et al., 2002; Spence, 1997; Wong et al., 2002) across several specialties. In the majority of cases, studies of simulation efficacy have been performed in the setting of large training institutions that can easily supply the required significant fiscal resources for the acquisition of simulation equipment, and provide both space and personnel necessary for the successful operation of a simulation centre (Gordon and Pawlowski, 2002 and Grenvik, 2001). Unsurprisingly, the typical target audience of simulation-based training consists of students and house officers (residents), associated with the institution owning the centre, who are already exposed to the substantial concentration of the pre-existing, albeit more traditional educational resources. In contrast, pre-hospital healthcare professionals, particularly in the rural and remote regions or in many of the Less Developed Countries (LDCs), are essentially excluded from the benefits of both didactic education provided by major academic training centres and from simulation-based training predominantly conducted at the very same centres. The problem is compounded even further by the site-bound nature of simulation-based training, the cost of attending such training, the ease of accessing the training site or the combination of all these factors . Paradoxically, economical and logistic issues prevent simulation technology from reaching the audiences where such technology may have a far greater impact than at the established centres of medical learning.
Simulation and medical training
Similarly to aviation, large-scale introduction of simulation-based medical training (Isenberg et al., 2001; Karnath et al., 2002) may result in significant progress towards reduction of diagnostic and procedural errors, improvement of confidence and preparedness and enhanced medical readiness (Hammond et al., 2002; Morgan and Cleave-Hogg, 2002; O'Donnell et al., 1998) . While quantitative studies are needed to prove the translation of simulation-derived improvement into daily clinical practice, the data already available indicate that simulation may have a substantial and positive impact on the quality of training and clinical performance of individuals (Block et al., 2002; Forrest et al., 2002; King et al., 2000; Rosenblatt et al., 2002; Weller et al., 2003) and medical teams (Halcomb et al., 2002; Murray and Foster, 2000) , with the consequent improvement of patient safety (Fellander-Tsai et al., 2001; Gordon et al., 2001; Murray et al., 2002; Roll et al., 2002) .
Our previous publications (Von Lubitz, 2002; Von Lubitz et al., 2000b ) have extensively discussed the need for simulation-based training of medical personnel. The conceptual incompatibility of the existing training platforms ('solid' simulation devices such as High Fidelity Patient Simulators versus VR-based devices) has been successfully overcome by the creation of a 'medical flight simulator ' (Von Lubitz et al., 2000a) in which a High Fidelity Patient Simulator (METI) has been incorporated as a centrepiece of a dynamic VR-rendered environment (CAVE). Other investigators using procedure training devices provided convincing evidence of the efficacy of training performed in VR environments Gallagher and Satava, 2002) . Even more importantly, highly complex 'total VR' surgical training systems have been developed and tested during the past few years (Caudell et al., 2003) indicating the direction of the training trend at large centres of academic medicine.
The sophisticated High Fidelity Patient Simulators (HFPS) and less complex single-procedure simulators provide the less technically complex and more accessible medical training tools. While HFPS units are pre-eminently suitable to train personnel (Lary et al., 2003) in rapid diagnosis and management of complex emergency and trauma events, they are also sufficiently complex to require dedicated personnel and facilities 111 2 3 4 5 6 7 8  9  1011  1  2  3  4  5  6  7  8  9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 support. Moreover, despite decreasing acquisition price (the phenomenon that also characterises VR environments,) the purchasing and operating costs are high (Morgan and Cleave-Hogg, 2001; Schaefer and Grenvik, 2001 ) and place simulation-based training beyond the means of smaller organisations . It is, however, likely that the expanded use of simulating devices in teaching pre-clinical subjects, use in non-traditional setting e.g., training of veterinarians (Modell et al., 2002) , physiology education (Tan et al., 2002) or pharmacology [von Lubitz et al., unpublished] will significantly broaden their applicability across several disciplines and may spread the expenditure more evenly. Innovative operational framework of training centres (Gordon and Powlowski, 2002) may also help to reduce the immediate costs of access even further.
During the past 4 years we have proposed, developed and tested under routine operational conditions, a new approach intended to breach the tradition of stationary simulation centres, and make simulation-based medical training available to essentially anyone with an internet connection. The latter aspect is of particular importance in developing countries where even the most essential elements of medical training are faltering due to insufficient resources . The concept is based on the remote access to the central simulation facility and its HFPS machines from distant training sites located practically anywhere in the world and allows training under the guidance of a centrally located expert teacher. Despite its demonstrable usefulness (Treloar et al., 2001; Von Lubitz et al., 2003) , the operational applicability of the concept was limited due to the problems in successful operation of more than a single HFPS unit. Yet, the need for a coordinated, simultaneous operation of several HFPS devices (either as a simulator LAN or WAN) is essential when training involves mass casualties, or when the machines used as the constituents of the training federation (Proctor and Creech, 2001 ) are the product of more than one manufacturer.
Simulation-based distributed medical training
In order to circumvent the obstacles preventing large-scale access to simulation-based training, we have developed and operationally tested a model for distributed simulation-based training targeted at widely dispersed, large numbers of medical personnel (Figure 1 ). The Med-ASP model combines the principles of Distributed Interactive Simulation (DIS) and of the Application Service Provider (ASP; see Figure 1 and (Proctor and Creech, 2001; Von Lubitz, 2002; Von Lubitz et al., 2000c) ). Practical implementation of the Med-ASP concept allows execution of highly realistic training in the often complex and stress-filled environment of field emergency and trauma medicine and obviates the need for the trainees to leave their physical location that may be separated by thousands of miles from the simulation facility (Treloar et al., 2001; Von Lubitz et al., 2000c , 2004 . The additional advantage of the model is its pre-eminent suitability for real-time dissemination of world-class training expertise in the form of practical 'patient demonstrations' rather than the commonly encountered didactic format of a theoretical lecture. Consequently, learner audiences in rural and remote regions or in the economically disadvantaged countries who, hitherto, had significant difficulties in accessing arguably the most sophisticated form of medical learning can readily benefit from both advanced training technology and expertise (Von Lubitz, 2002; Von Lubitz et al., 2000c , 2004 ) is of special significance for EMS and military healthcare providers, particularly in situations of increased need for 'just-in-time' training of a large number of personnel deployed to several geographically dispersed sites (Von Lubitz et al., 2000a) as seen during bioterrorist threats, military conflicts, or large scale rescue operations (Von Lubitz et al., 2004) . Figure 1 Classical use of HFPS devices is based either on the exposure of groups of trainees to the stationary simulator located at the training centre or rotation of the device through a series of predetermined distant facilities. In either case, the use of these expensive devices is suboptimal, the exposure of individual trainees to the simulator is infrequent, and the cost is potentially high. Moreover, exposure to the stationary simulator limits the number of the trainees exposed to this type of education (limited number of time units available) while rotation of the simulator through a number of sites may impair the quality of training due to the limited time the device can stay at each individual location. Advanced Distributed Learning model. The training expert at the scenario control centre controls the simulator located at the centre and remains in visual and audio contact with the active remote sites. The instructor provides remote training either to all groups or selects one (in this case the middle) to act as the 'active site' that retains control of the simulating device. The instructor can switch at will among the sites and designate either the site or the individual trainee(s) there as the 'scenario lead'. The considerable level of flexibility allows the training expert to engage the trainees as active participants interacting with the simulator rather than interact with a passive audience expecting the instructor to conduct a didactic demonstration.
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The most sophisticated form of distance simulation-based medical training occurs when several simulator and control centers are connected into a training grid under the control of the central scenario-controlling facility. The concept requires highly agile telecommunication platforms eliminating time lags, video-sound discrepancies, simulator response delays, etc. On the other hand, it is at this level of sophistication that additional simulation modalities of even greater technical sophistication (e.g., virtual reality) can be introduced creating highly complex 'distance-based training suites' that combine training of large, multidisciplinary medical teams and preparation for interaction among such teams.
Multi-platform environment
When several dispersed HFPS units are either controlled from a central training facility or accessed by the remote learners, the only means to ensure uniformity of training is to assure full compatibility of both physical and operational characteristics of the simulation devices. This aspect becomes critical when the training centre has either the overriding remote control of all distributed HPFS units, or when the centre serves as the 'expertise headquarters' (Von Lubitz, 2002; Von Lubitz et al., 2000a ,c, 2003 , 2004 during simultaneous, real-time training of large numbers of dispersed learners, e.g., in multi-simulator training of international medical intervention teams (e.g., just-in-time preparation for mass casualties caused by acts of terrorism, natural disasters, etc., e.g. (Fahlgren and Drenkard, 2002; Rubinstein et al., 2002) . While the two principal HFPS systems in existence (Laerdal and METI, Figure 2 ) have practically identical anatomical features and generate a very similar profile of training-relevant output, the conceptual basis of their software/hardware interaction differs significantly. As a result of these differences, combining both systems into a unified, remotely accessible training environment poses practical difficulties. 
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Figure 2a
Laerdal SimMan HFPS configured to operate as a platform for training management of severe trauma. The simulator is moulaged to represent significant burns to the chest and arm, facial penetrating injuries and avulsions, and open abdominal injuries with avulsed intestines. Patients of this type would be encountered following major traffic accidents, industrial explosions, or combat. Training in the field management of grave traumatic injuries at the pre-hospital level is greatly facilitated when HFPS units are used. Importantly, appropriately conducted simulation introduces the realism and stress of complex medical environments that cannot be reproduced in more traditional training settings. The figure clearly emphasises the pre-eminent suitability of simulation for just-in-time training.
Figure 2b
Vital signs monitor screen showing physiological responses of the patient shown in Figure 2a who has now reached the decompensated shock stage. Unless immediate, vigorous, and competent action is initiated in the field, death before reaching a hospital with expertise in the treatment of multiple trauma is the most likely outcome.
In the simplest setting of multiple simulators, all devices can be easily slaved to the same high speed CPU/high RAM control computer located at the central training facility. While this solution permits simultaneous or individual remote operation of the federated HFPS units by the same manufacturer, centralised and simultaneous remote control of dispersed, collaborating simulators built by different manufactures is severely impeded by software incompatibility of the machines. From the medical point of view, voice commands given by the remote trainee to the personnel at the simulator host site (the central training facility) are the most realistic. The distance separating the remote trainee from the HFPS notwithstanding, this approach approximates real-life actions of a medical team. The use of separate computers dedicated solely to the control of federated HFPS units by the same manufacturer provides a more automated solution. Yet, in a fast-paced environment of a multi-patient scenario, such control, particularly if remotely executed by the trainees with little or no background in computer operations, may become very cumbersome. In trying to overcome the need for simultaneous machine control, the trainees' attention will rapidly shift from the main subject (medical training) to the frantic attempts at mastering unfamiliar technology. Clearly, the essential attribute of simulation -situational realism -will deteriorate and decrease effectiveness of training.
Simulator-bridging software that automatically translates commands given from the control interface of one system into the commands that are understood by the simulator of a different and otherwise incompatible brand is the most effective solution to multi-HFPS environments. It is also technically the most complex since, in the absence of commercially available products, the software bridge must be developed as a private venture at the user's facility. Thus, from the technical and fiscal point of view, the most suitable placement of the software bridge is at the central (hub) control facility at which all signal processing takes place. The latter solution is identical to the concept of Medical Application Software Provider (Med-ASP) that we proposed in one of our earlier publications (Lary et al., 2003) .
Implementation of the ASP concept simplifies signal traffic and, by providing more effective processing, eliminates the annoying time lags that may render distance-based simulation training exceedingly unrealistic. The Med-ASP concept assures that only the meaningful commands are passed within the simulator federation and also that exchange occurs at the maximum speed allowed by the available bandwidth.
Practical operations
For practical purposes, testing of the distributed multi-simulator training concept was conducted using two simulators. During operations between Ann Arbor, MI, USA and Laval, France two SimMan (Laerdal) HFPS units were used. One HFPS was located at the training centre of MedSMART, Inc. in Ann Arbor while the second simulator was placed at the city exposition hall in Laval, France. The participants in Ann Arbor could interact with the conference participants (trainees) in Laval over a two-way real-time interactive videoconference, with full screen, full motion video and high-quality audio. Similar principles were used during subsequent series of training exercises performed between MedSMART Training facility in Ann Arbor, MI, Alpena (MI, USA) Medical Readiness Training Center of the Air National Guard, and the Training Center of Telecom   111  2  3  4  5  6  7  8  9  1011  1  2  3  4  5  6  7  8  9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 Italia in L'Aquila, Italy. However, in the latter case two HFPS units manufactured by Laerdal, Inc. and METI, Inc. were used. Laerdal units were stationed in Ann Arbor, the METI device in Alpena, and the trainees at the Italian site had only the remote access to either machine. To eliminate concerns posed by opening military network at Alpena to civilian telecommunication traffic a dedicated high-speed LAN was used to link simulators placed at physically separated locations (approximately 250 km apart). In either case, real-time interactivity and simulator control were accomplished using high-end videoconferencing systems at all locations, with an ADSL internet connection bridging all sites. An ADSL internet connection was selected to test the performance of the relatively unsophisticated telecommunication link that would be relatively common at technically less advanced locations yet offering both the simplicity of the set-up and an acceptable stability during the transatlantic operations. It must be emphasised, however, that HFPS remote control can be implemented over any type of wide area link, including a standard telephone connection, dedicated private line, or via the internet (Treloar et al., 2001; Von Lubitz et al., 2000a , 2004 and the section on training for First Responders at www.med-smart.org).
One of the critical factors during training was the dependence of the overall quality of sound and image on the bandwidth (speed) and latency (delay) of the internet connection. A minimum of 128 kilobits per second sustained transfer rate is required for real-time videoconferencing. With round-trip latencies exceeding 200 ms, delays would be noticeable (similar to the delay encountered over a satellite telephone call.) Constant measurement of latencies and bandwidth variation between Laval and Ann Arbor indicated a relatively low average latency (below 100 ms round trip) with sufficient average bandwidth (sustained >300 kilobits) that was adequate to prevent imagery delays (pixellation). Transmission stability allowed us to conduct contiguous, and essentially uninterrupted, sessions lasting 1-4 h each.
During training, all HFPS devices could be operated either under local or full remote control from all sites. Multi-site remote control of Laerdal and METI machines was made possible by proprietary HFPS bridging developed by MedSMART that utilises digitised physiological outputs of one simulator as the controlling element of driving the other unit. Bridging software was loaded into the memory of the local (machine-slaved) control computers at either HFPS location. The machines were then programmed to allow either concerted or independent action, with the operational control seamlessly transferable between the operator stations in Ann Arbor, Alpena, Laval, or L'Aquila. Multi-site control capability allowed random introduction of unpredictable and confounding medical events (e.g., sudden haemorrhages, adverse drug reactions, or malfunctions of patient monitoring systems). Introduction of medical unpredictability proved to be an important tool amplifying the sense of medical realism and urgency 'suspension of disbelief').
Future developments and challenges
Visualisation
The most essential aspect of simulation based distance training is visualisation of the simulating devices. Both image quality and the field of vision must be identical to those at the simulator site. Even if endowed with pan/tilt/zoom capacity, single-view cameras do not allow such views and multiple systems need to be used. In order to ensure 9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 maximum flexibility, all cameras must be under remote control from the central control station (Figure 3) , and the control devices must allow simultaneous operation of both on-site and remote cameras. Effective, multi-camera control systems are commercially available and their use offers the most practical solution, even if (at times), it may be quite expensive and technologically complex. The most critical aspect of camera operation is the calibration of the individual units' field of view, particularly in the context of multi-site activities when centrally located simulators are operated from a large number of remote learner sites. Under such conditions, the view of the simulator at each remote site must be identical to that displayed at all other sites. In our experience, when only limited image transmission resources are available, limitations of the typical videoconferencing systems allow only 3-4 sites that can be optimally served by a single camera unit. Addition of further sets fragments the available bandwidth and results in a substantial deterioration of image quality at the remote sites. While mounting camera sets in the angle of view-corrected racks provides a simple but rather cumbersome solution, the use of either wavelet compression software such as WINVICOS (Graschew et al., 2002) or integration with comprehensive medical communication systems (Holcomb, 2002) provides a much more optimal and robust approach. It must be remembered, though, that the need to have compression executed at the transmission site limits its use to the more technologically advanced remote sites. The same is true of integration into complex communication systems that will require ready access to telecommunications expertise at the remote site and frequent monitoring of platform performance within the training network. Naturally, in the environments (rare at present) where the available bandwidth is of limited or no concern, substandard bandwidth allocation to each camera set ceases to be an overriding issue.
Access and remote simulator control
Although many of the most critical problems have been solved, the issue of easy and readily available access to the training centre persists. Access from the periphery to the central facility and vice versa can be obtained either by using point-to-point connectivity, with each remote site having its own IP address and an allocated fast internet connection, dedicated ISDN lines, or through a Web-based portal hosted at the central training facility. The internet-based access without Quality of Service (QOS), although the simplest one, may become unreliable during extended (more than 1 h) continuous transmission due to frequent connection interruptions and slow-downs, or up-and down-load loss of transmission speed that are particularly annoying during long or very long distance operations (e.g., transcontinental or global.) Work in which ISDN-lines, are routinely used is also the most expensive. Access through a Web portal necessitates its creation -a matter of technical complexity that is best accomplished by the technical personnel at the central simulation facility. However, with the portal located at the training facility servers, and a significant part of the operational software necessary for the efficient training (HFPS control/translation software; remote camera control software, training scenario programmes, etc.) accessible through such a portal, multi-site activities become greatly facilitated. The peripheral sites are provided with a simple, intuitively understood simulator interface tool displayed at the remote computer monitor. Control of the simulator is performed either via point-and-click mouse operation or, at a more sophisticated level, by touching appropriate controls on the touch-sensitive screen. 9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 In summary, the central site acts as a broad-concept ASP that, in addition to the simulation-centred software, provides other training elements, e.g., access to more traditional didactic tools, archives of previous simulation-based courses, testing materials, etc. In such a configuration, prior experience indicates that transmission speeds of 128 kilobits are adequate to fulfil all the required tasks without any deterioration in the quality of image/voice/data elements.
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Curriculum
Development of a suitable training curriculum is among the most essential elements contributing to the success of distributed simulation-based training. Although the approach combines the most effective elements of purely didactic and hands-on training methods, it does not allow the practice of relevant procedures which can be trained only in a direct, physical contact with the simulator. Nonetheless, although provisions for such exposure must be made as a part of the course, distributed training provides solid grounding in the practical principles of overall management of a seriously ill patient. It also hones not only the diagnostic skills, but also prepares for the appropriate procedure selection, and teaches the true relevance of the selected procedures to the particular medical condition. Figure 3 Multi-site, multi-simulator control stations. On the left, the operating engineer at the training studio (MedSMART, Ann Arbor, MI) has the view of all distant sites, controls operation of the cameras, voice inputs and sound levels, and is in full control of communication back-up systems, allowing an immediate switch to another line/IP address if the currently active connection fails. Multiple site/multiple simulator technical control is a complex operation that requires highly skilled telecommunication personnel with expertise in TV activities and capable of simultaneously coordinating several sources of input and output correlating these with the training that takes place in the studio. It is the creation of the regional ultra-sophisticated control centers such as the one shown on the right picture (at the College of Health Sciences at Central Michigan University in Mount Pleasant, MI) rather than the arrangements at the remote sites that poses the major difficulty in global-range distributed simulation-based learning.
by an expert (Von Lubitz et al., 2003 and Figure 4) . In the latter context, a stepwise explanation of the correct approach, an analysis of pitfalls in the context of a highly realistic behaviour of the 'simulated' patient in response to inappropriately performed procedures, and the ongoing commentary on the actions that must be taken to ensure its success are among the important elements facilitating subsequent learning of the relevant motor skills (Von Lubitz, 2002; Von Lubitz et al., 2003) .
The principal goal of the distributed simulation-based training aims at the maintenance of maximum medical realism and a rapid practical preparation of the trainees for the challenges of real-life operations. Hence, the curriculum must incorporate a significantly higher pace and impose significantly higher demands on the active participation of individual trainees than in the didactic or the non-simulated hands-on environments. In the didactic setting, the principal burden of action is placed on the teacher, while the possibility of harm to the patient that may occur in the non-simulated hands-on training demands frequent interventions and guidance by the training expert. In simulated encounters, the burden of action is placed directly on the trainee and allows errors of omission and commission to take place without the risk of adverse or punitive instructor response. The expert's role is not to interrupt and explain while mistakes take place but, once the scenario runs to its end, repeat it and provide thorough debriefing of its entire course. Hence, the curriculum must incorporate simulation of the common patient management errors, demonstrate the influence of human factors and their relation to Figure 4 Simulation-based distance training in the performance of complex medical procedures. The upper figure shows the training expert at the central simulation facility (MedSMART, Ann Arbor, MI) instructing a group of junior physicians (left picture) in Italy (L'Aquila) in the execution of fiberoptic intubation. The expert is in real time sound/video contact with his student allowing him not only to demonstrate the procedure itself, but also make a 'running commentary' and either query the trainees or answer their questions. The expert sees the trainees as they are shown in the right picture. The inset view in the white frame (right picture) provides the expert with the scene as seen full scale by his students in Italy, i.e., the process of guiding the fiberscope toward the patient's trachea, and the fiberscope view of the inside of the trachea. The fiberscope view allows students to become familiar with the characteristic landmarks, recognise faulty placement of the device, assist in guiding the tip of the device, and -eventually -perform the entire procedure remotely simply by directing an untrained technician. This type of training is particularly suitable for telemedical consultation and guidance.
adverse outcomes, and allow for both individual and team training. Contrary to real life, death of a 'patient' is not a traumatic but potentially a very intense learning experience that need not be avoided. Finally, the need for a focused curriculum cannot be overemphasised. Because each of the potentially involved disciplines has its own training needs, the curriculum must be very specific in its objectives: field management of trauma must concentrate on that topic rather than elements of perisurgical crises that may affect the survival of a traumatised patient. Unless specific goals of simulation-based training are strictly pursued, it can easily degrade into a highly theatrical demonstration of medical emergencies similar to the numerous television shows that vividly depict the bloody nature of field and emergency medicine but are completely useless as training tools.
Development of Interdisciplinary education standards and models
Emergency medical education would be a valuable core component for all students in health professions including physicians, nurses, physician assistants, physical therapists and others who work with patients and high-risk populations. Distributed simulation-based training is an ideal method of facilitating team-learning across health professions education. It can be delivered to remote clinical training sites or can be provided on-site with collaboration between schools/colleges of health professions (HP). While various HP disciplines have individualised education requirements, a standardised curriculum for simulation-based emergency medical education could be incorporated across professional curricula. Competencies to be mastered are the same for all trainees; therefore, curricular aspects remain the same regardless of previous education/training or experience of the students. A strong attribute of simulation-based training is the learner-centred design of the curriculum and the delivery method. Outcomes can be quickly assessed allowing trainees to have individualised attention and ample opportunity to master competencies. To insure that trainees in larger classes are uniformly engaged, participatory exercises, such as question/discussion instruments, can be completed by students during the training session for use in later interdisciplinary discussions. This type of exercise lends itself to a variety of educational models such as Case-Based Training, Problem-Based Learning, as well as traditional interdisciplinary discussion models.
In times of local or national disaster, those in the health professions are the first to be sought out for assistance. This makes a strong case for including simulation-based emergency training as a core component in the educational process for all students in health professions. Numbers of healthcare personnel who are competent in the field of pre-hospital emergency care could be dramatically increased without significant cost added to health professions education.
Conclusions
The efficacy of simulation-based distance training using the approach described in this paper has been published elsewhere (Treloar et al., 2001; Von Lubitz et al., 2003 , 2004 . Here, suffice to say that the majority of our remote trainees (89%, N=126) declared 'very high satisfaction with the quality of training and technology,' and stated a very high quality learning experience based on the use of remote access to medical simulation. 8  9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 From the technical point of view, our experiments show that a successful HFPS network can be created with moderate ease, and that such a network can perform effectively at very large distances (over 7000 km between Laval/L'Aquila and Ann Arbor.) Importantly, while less sophisticated than pure VR-based medical training systems, HFPS networks utilising concepts of Advanced Distributed Learning (ADL) are vastly cheaper to build, operate and maintain compared to VR-based federations. Hence, they are also much more readily available to the majority of the medical personnel who work in the environment insufficient to support the expense and technical knowledge required by the advanced VR technology. In this context, it needs to be mentioned that the simulator-connecting software bridge that allowed simultaneous use of simulators produced by two different companies is not the optimal solution. A far more flexible platform would be based on a Web portal allowing greater ease of operations and -most significantly -essentially unlimited scaleability. It is the latter aspect that is probably the most critical in the context of large, global range simulator networks. While ideal, the latter solution also requires that machine-generated data are standardised using broadly agreed rules (e.g. HL7). Surely, increasing the use of HFPS devices and the need to combine them into collaborative 'patient suites' will provide enough driving force to implement such standardisation.
In similarity to VR-based medical training devices Gallagher and Satava, 2002; Proctor and Creech, 2001) , both individual HFPS units and ADL networks utilising them offer a sufficiently high level of versatility and the associated 'suspension of disbelief' to create highly efficient training tools (Von Lubitz, 2002; Von Lubitz et al., 2001 , 2004 . Both VR and HFPS approaches to medical simulation have their advantages and disadvantages. Combining both may lead to a significant enhancement of both the efficacy and intensity of training (Von Lubitz, 2002; Von Lubitz et al., 2000a,b) and convert the present, largely explorative arena of medical simulation into an indispensable tool that simulation provides today in practically all aspects of aviation and maritime education and training.
In conclusion, we have demonstrated that, from the technology point of view, a multi-simulator environment in which distance is the most limiting factor, can be used a powerful training tool at both national and international scale. We have also shown that the tool is an effective one (Treloar et al., 2001; Von Lubitz et al., 2003 , 2004 . However, demonstration of usefulness does not obviate the need for further intensive, metrics-based research on the medical uses of simulation. The work of Gallagher and his colleagues Seymour et al., 2002) is the pointer in the direction that future studies must take in order to prove convincingly the value of medical simulation (Bloom et al., 2003; Holcomb, 2002; . Other subjects, e.g., evaluation of human factors in medicine, testing of telemedical concepts and models, large scale simulation of healthcare operations (e.g., hospital simulation or healthcare management simulation starting at the individual patient level and ending on national-level administration of the related expenditures see Von Lubitz et al., 2000a) come to mind as well. Similarly to defence and aviation, in medicine simulation also appears to open completely new and unprecedented possibilities (Myjak and Rosen, 2001; Von Lubitz, 2002) 111 2 3 4 5 6 7 8  9  1011  1  2  3  4  5  6  7  8  9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 111  2  3  4  5  6  7  8  9  1011  1  2  3  4  5  6  7  8  9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 
